The validation of a new questionnaire is essential to improving its credibility in the assessment and collection of evidence. This study aimed to validate a newly developed infant and young child feeding questionnaire for child care providers (IYCF-CCPQ) to measure the knowledge, attitudes, and practices regarding infant and young child feeding among them. A cross-sectional study was conducted with 200 child care providers who were involved in handling children less than two years old in child care centers in the northeastern part of Peninsular Malaysia. The IYCF-CCPQ was self-administered and consists of three domains: Knowledge (104 items), attitude (90 items), and practice (42 items). The dichotomous-scale items in the knowledge domain were analyzed using a two-parameter logistic model of item response theory (2-PL IRT). The Likert-type-scale items in the attitude section were assessed using exploratory factor analysis (EFA). The items in the practice section were assessed descriptively. Internal consistency by marginal reliability was assessed in the knowledge domain, and Cronbach's alpha coefficient was used for the attitude domain. The marginal reliability values were 0.91 and 0.74 for the knowledge domains related to breastfeeding/formula feeding and complementary feeding, respectively, and the Cronbach's alpha values were 0.89 and 0.90 for the attitude domains related to breastfeeding/formula feeding and complementary feeding, respectively. The analysis showed good psychometric properties (discrimination, difficulty index, factor loading, and communalities) and good reliability. The IYCF-CCPQ is valid for use assessing the knowledge, attitudes, and practices among Malaysian child care providers regarding infant and young child feeding.
Introduction
Adequate nutrition is critical to child health and development. It is well recognized that the period from birth to two years of age is a "critical window" for the promotion of optimal growth, health, and behavioral development [1] . With increasing participation rates of women in the workforce, providing nutritional support in the child care setting has become crucial, as child care providers act as the front line in taking care of children [2, 3] . To ensure the availability and sustainability of infant and young child feeding-friendly environments, there is a need to identify the knowledge, attitudes, and practices regarding infant and young child feeding among child care providers and to upskill providers as necessary.
To our knowledge, validated questionnaires specifically to assess child care providers' knowledge, attitudes, and practices regarding infant and young child feeding in Malaysia in detail are not yet available. The lack of such questionnaires is in contrast to the many available questionnaires that focus more on the mother and health care provider. Furthermore, the locally available questionnaire focused on breastfeeding rather than infant and young child feeding comprehensively. On the other hand, many studies [4] [5] [6] in various populations from western countries that focus on the assessment of child care providers regarding infant and young child feeding were shown to utilize questionnaires that were not properly validated and measured a different concept. As study by Lucas in United States, focused on the assessment of child care providers' knowledge and attitude regarding the support of breastfeeding in United States. The knowledge aspect covered the advantages, practicality, maternal condition, and national policy around breastfeeding. Meanwhile, the attitude aspect covered the cognitive and affective components of breastfeeding. However, the limitation of the study was the unvalidated attitude and knowledge scales, as well as weak internal consistency and reliability for the knowledge component [4] .
There is also a questionnaire from Freedman and Alvarez, which covers the assessment of knowledge, attitudes, and practices regarding early childhood feeding among child care providers. This questionnaire was modified from the Stanford Child Feeding Questionnaire [7] and the Hughes Caregiver Feeding Styles Questionnaire [8] . The attitude component of the questionnaire covered cognitive and affective components, not behavioral components. The practice component covered responsive feeding and the practical aspects of infant and young child feeding. However, the limitation of this study was its instrument validity [5] . A study by Clark in Colorado, also produced a questionnaire assessing child care providers' knowledge, attitudes, behavior, and training related to infant feeding, specifically breastfeeding. The instrument validity was only measured up to the pretesting of the questionnaire [6] . Meanwhile, a newly developed questionnaire from Australia named Feeding Practices and Structure Questionnaire (FPSQ) provides a new reliable and valid measure of parental feeding practices; however, it only focuses on complementary feeding [9] .
In view of the unavailability of questionnaires covering the whole infant and young child feeding concept [4] [5] [6] 9] , it is important to develop a valid and reliable questionnaire that is best suited to the local culture, belief, and practices in order to provide useful and comparable data about infant and young child feeding among child care providers in Malaysia.
Validity and reliability studies are essential to increase the credibility of the questionnaire as a research tool that can produce valid data. This also helps collect good-quality data with high comparability and increase the credibility of the data for generalization to the population. This study aims to determine the validity and reliability of a newly developed infant and young child feeding questionnaire for the assessment of the knowledge, attitudes, and practices among child care providers in Kota Bharu, Kelantan, Malaysia.
Materials and Methods

Study Design and Participants
A cross-sectional study was conducted from April 2017 to September 2017 to explore the psychometric properties of the questionnaire. This study evaluated 200 child care providers from 53 registered child care centers in six districts in Kelantan. Purposive sampling was applied for the recruitment of the respondents since there were a limited number of registered child care providers. All child care providers with a minimum of six months working experience and who had ever experienced caring for children less than two years old in child care centers were invited to participate in this study. A combination of respondents with different age categories, durations of work, and marital statuses were included as participants.
Research Tool
A newly developed questionnaire called the infant and young child feeding questionnaire for child care providers (IYCF-CCPQ) was used as the research tool for this study. This questionnaire was developed in November 2016 and completed in February 2017. The questionnaire was written in the Malay language and is applicable to the child care providers in Kelantan. It was designed to be self-administered, with an estimated time to complete the questionnaire based on the pretesting phase of 45 min.
Development of the IYCF-CCPQ Questionnaire
Development of the questionnaire started with an item generation and conceptualization process, followed by cognitive debriefing and pre-testing as part of the response process assessment. The IYCF-CCPQ was structured and designed specifically for the assessment of knowledge, attitudes, and practices regarding infant and young child feeding among child care providers. In general, Delphi technique was used to maintain the anonymity and confidentiality of input between experts as there were facilitator that coordinate and gained the input from all experts. However, the credibility of the technique was argued as initial content is determined by a lead investigator that lead to the biased toward selection of items by the investigator. Thus, modified Delphi techniques were used in the development of this questionnaire [10] . This technique involved more diverse panel of experts in which an international certified lactation consultant, two public health physicians, a biostatistician, a nutritionist, a social welfare officer, and a representative from non-governmental organization that related to child care providers.
Item generation was based on discussions with experts and from a literature review. There were four experts involved who also acted as research team members. They consist of an international certified lactation consultant, two public health physicians, and a biostatistician. This group of experts was purposely selected based on their expertise on and experience with the measured concepts in the newly developed questionnaire.
An extensive literature review on questionnaire development was conducted by the research team members. A literature search was done regarding infant and young child feeding, specifically focusing on breastfeeding, complementary feeding, and formula feeding, the role of child care providers, the assessment of knowledge, attitudes, and practices (KAP), available questionnaires [4] [5] [6] 9] , child care services and infant and young child feeding-friendly center. Key words used in the database searches were "infant and young child feeding", "child care providers", "breastfeeding", "complementary feeding", "KAP" and "child care centre". Databases used included Cochrane Library, PubMed, Medline (Web science), Scopus, and Medline Ovid. Every research team member reviewed comprehensively a number of questionnaires that differed markedly in term of domains and theoretical backgrounds, as well as in their validation approaches and the quality of the validation evidence. The research team also reviewed various local and internationally published infant and young child feeding guidelines, as well as training guidelines for child care providers [11] [12] [13] [14] [15] [16] [17] . Relevant literature, including quantitative and qualitative studies as well as relevant theoretical frameworks [18] , were utilized to incorporate more ideas and assist the questionnaire development.
The theoretical background of the tri-partite theory was used for the attitude domain, which involved evaluations of people, objects, and ideas [18] . The theory highlighted three main components for attitude assessment-which were cognitive, affective, and behavioral-that combine to form an overall evaluation of the attitude object. The measuring component for cognitive, affective, and behavior is described in Table 1 . Every research team member suggested possible domains based on their own experience and literature reviews. Each contributed domain was continuously appraised until all members agreed to focus on a number of identified domains.
Relevant and representative items covering both positively and negatively worded items were identified. At least five items per component were identified to cover representativeness, relevancy, and consistency with the intended meaning of the construct. Verified domains were defined within the context of the assessment of infant and young child feeding among child care providers.
The newly developed questionnaire (IYCF-CCPQ) contained 236 items representing the three domains: Knowledge, attitude, and practice. The knowledge and attitude domains of the IYCF-CCPQ each have two sections: Section A for breastfeeding and formula feeding and section B for complementary feeding. The knowledge domain contained 104 items separated into section A (67 items for the assessment of breastfeeding and formula feeding: KA1 to KA67) and section B (37 items for the assessment of complementary feeding: KB1 to KB37). The attitude domain comprised 90 items separated into section A (40 items for the assessment of breastfeeding and formula feeding: AA1 to AA40) and section B (50 items for the assessment of complementary feeding: AB1 to AB50). The remaining 42 items belonged to the practice domain, which covered six sub-sections: Handling express breastmilk, giving express breastmilk, handling formula milk, handling a feeding bottle, food storage, and responsive feeding. These sections assessed the practical handling of breastfeeding, formula feeding, and complementary feeding.
Response Process: Cognitive Debriefing and Pre-Testing
After the development of the questionnaire, the response processes of the questionnaire were assessed. Cognitive debriefing and pretesting were done. Cognitive debriefing was conducted among eight child care providers from one registered child care center in Kota Bharu, one nutritionist from Kelantan Health State Department and one representative from a non-governmental organization (NGO). This NGO was related to child care providers and child care centers (PERASCO). Cognitive debriefing was done using the methods of think-aloud and verbal probing. The understandability of the questionnaire and errors that may be introduced into the questionnaire were assessed, which involved interpreting specific questions, recalling necessary information, performing judgments, and editing answers. This stage was able to highlight any items that may have been inappropriate at a conceptual level and to identify any other issues that confused the respondents [19] .
This was followed by a pre-testing phase in which an assessment was done to evaluate the questionnaire, including its overall flow (including transitions between sections), the length of the questionnaire, the level of respondent interest and attention, whether it was user friendly for the respondent, how well the respondents understood and answered the questions correctly, and the maximum time required to answer the entire questionnaire [20] .
Pretesting was done with 30 child care providers from nine registered child care centers in Pasir Mas, Kelantan. A review of the pre-testing results and finalization was performed to incorporate the findings of the pre-testing process to improve the quality of the questionnaire in comparison with the original version. Respondents' interpretations of the items and discrepancies among these were highlighted. The results of the pre-testing were explained and discussed with the research team members. The members evaluated all the comments and suggestions given by respondents, and necessary amendments were made accordingly. During the pre-testing, the comments in general and acceptance of the questionnaire were good, although a long time was required to answer the whole questionnaire. The overall mean time required for respondents to answer all the items was 45.5 (SD 10.45) minutes. Revision of the questionnaire was done accordingly following the pre-testing phase, and 236 items remained for the internal structure validity assessment.
Scoring Method and Response Options
The items in the knowledge domain had three options of "true", "false", and "don't know". One point was given for a correct answer and zero points given for an incorrect or "don't know" answer. Thus, the possible score of this domain ranged from 0 to 67 for section A and 0 to 37 for section B. The scores for each section were calculated. They were then converted to percentage scores by dividing by the possible maximum score and multiplying by 100. A higher percentage score indicated better knowledge of the items tested.
The items in the attitude domain were scored on a five-point Likert scale from one (strongly disagree) to five (strongly agree). Points were given in ascending order as follows: 1 = "strongly disagree", 2 = "disagree", 3 = "unsure", 4 = "agree", and 5 = "strongly agree". The positive and negative statements were arranged randomly throughout the questionnaire to avoid habitual bias from the respondents.
The score contribution for the positive statements was the scale position and the contribution for the negative statements was reverse score. The scores in this domain can range from 40 to 200 for section A and 50 to 250 for section B. The practice domain contained 42 items that were rated on a four-point Likert scale. Points were given on ascending order as follows: 1 = "never", 2 = "seldom", 3 = "sometimes", and 4 = "always". Thus, each item in the practice domain had four-Likert scale responses ranging from one to four with one representing "never" and four representing "always". Each item in the practice domain was reported descriptively.
Method of Data Collection
The respondents were first briefed about the study. Informed consent was then obtained from the respondents who agreed to be involved in the study. The IYCF-CCPQ questionnaire (in Supplementary Materials) forms were given to each participant for self-administration. The complete forms were collected on the same day to reduce information bias. The respondents were asked to choose one best response for each statement in the questionnaire, and ample time was given to the respondents to answer all the questions.
Study Sample Size
A study sample size of 150 is required for an exploratory factor analysis (EFA) whenever 10 or more items are expected to have factor loadings of 0.4 [21, 22] . Given this, the required sample size for the two-parameter logistic model of item response theory (2-PL IRT) of at least 200 is adequate for analysis [23] . The reliability of the construct (Cronbach alpha) was calculated based on a 0.05 significance level, the power of 0.80, 25 items, an acceptable alpha of 0.7, and an expected Cronbach alpha of 0.80 with no drop-out encounter in this sample size estimation. Thus, the highest sample size yielded of 200 child care providers was sufficient for this study to determine validity of the new questionnaire.
Statistical Method
The psychometric assessment involved EFA and item response theory (IRT) analysis. Data analysis was computed using R software version 3.3.4 and the R studio environment [24] . The dichotomous scale items of the knowledge domain were analyzed using 2-PL IRT using the ltm package. A difficulty index in the range of −3 to +3 and discrimination index in the range of 0.35 to 2.5 were considered acceptable [25] [26] [27] . Item fit was determined by the chi-square goodness-of-fit per item [26] , and unidimensionality was determined using modified parallel analysis [28] . The polytomous scale items and hypothetical concept of items in the attitude domain were assessed using EFA. The principal axis factoring extraction method with oblimin rotation was applied in the EFA. To determine the number of extracted factors, eigenvalues > 1.0, parallel analysis, and scree plot inspection were performed [29] . Factor loadings of a minimum of 0.3 were considered acceptable [22] . Practice domain items were validated descriptively per item by presenting the count and percentage.
For reliability analysis, the internal consistency according to marginal reliability was used in the IRT because the marginal reliability can be used to estimate the average reliability of the respondent's knowledge. The exact value of acceptable marginal reliability suggested that a value of 0.623 is acceptable [30] . Meanwhile, a Cronbach's alpha coefficient ≥ 0.70 was considered an adequate internal consistency reliability for polytomous scale-items [31] . 
Ethical Consideration
Results
Socio-Demographic Characteristics of Child Care Providers
The majority of child care providers involved in this study were female, single, and young, with a mean age of 31.1 (SD = 10.29) years. The majority (169, 84.5%) of the respondents had less than a diploma in terms of academic qualification. Their median total working experience was 3.0 (IQR = 4.50) years. Table 2 further details the socio-demographic characteristics of the child care providers. Based on a 2-PL IRT assessment in the knowledge section, item KA3 had a low difficulty estimate of −9.2, while item KA31 had an extreme difficulty estimate of 10.01. KA62 had a negative discrimination estimate of −0.3. These items were subsequently removed. The IRT analysis of the remaining items is summarized in Table 3 .
As shown by the IRT analysis, the psychometric properties of the knowledge domain (breastfeeding and formula feeding section) were good. With regard to the difficulty parameter, all the knowledge items were within or close to the acceptable range of -3 to +3, and they ranged from -5.6 to +1.7. The KA14 item slightly exceeded the cut-off value. However, in accordance with the advice of the experts, the item was retained because the content of this item was important. In terms of discrimination, most of the items were within the acceptable range of 0.35 to 2.5, and they ranged from 0.3 to 2.4.
The item goodness-of-fit showed that 13 of the items did not fit well (p < 0.05). However, all these items were also retained in this section because they had acceptable difficulty and discrimination values. The amount of total information trapped by the items between the -3 to +3 ranges of ability was 83.21%. Internal consistency by marginal reliability was 0.91.
There were ultimately 64 items retained in the final model of the knowledge domain (breastfeeding and formula feeding section). The mean score for knowledge was 67.19% (SD = 15.64%). Table 3 . Item response theory parameters estimate of items of knowledge in breastfeeding and formula feeding section of infant and young child feeding questionnaire for child care providers (IYCF-CCPQ). 
Item
Knowledge (Complementary Feeding Section)
Based on a 2-PL IRT assessment on the knowledge section, item KB33 had a very low difficulty and a negative discrimination estimate of −51.19 and −0.03, respectively. In addition, item KB35 had a low discrimination estimate of 0.22 and exceeded the upper limit of the difficulty cut-off value, with an estimate of 3.66. These items were subsequently removed. The IRT analysis of the remaining items is summarized in Table 4 .
As shown by the IRT analysis, the psychometric properties of the knowledge domain (complementary feeding section) were in the acceptable range. With regard to the difficulty parameter, all the knowledge items were within or close to the acceptable range of -3 to +3, with KB8, KB12, KB14, KB17, KB19, and KB21 slightly exceeding the cut-off value. However, in accordance with the advice of the experts, these items were retained because of their importance. Items KB8, KB12, KB14, KB17, and KB19 related to the type of food that is suitable to be given to children, while item KB21 concerned whether infants at the age of nine months can be allowed to feed by themselves; all these items were not measured by other items in the questionnaire. In terms of discrimination, most of the items were within the acceptable range of 0.35 to 2.5, and they ranged from 0.05 to 3.2.
The item goodness-of-fit showed that nine of the items did not fit well (p < 0.05). However, all these items were also retained in this section because they had acceptable difficulty and discrimination values. The amount of total information trapped by the items between −3 and +3 ranges of ability was 77.3%. The internal consistency by marginal reliability was 0.74.
There were ultimately 35 items retained in the final model of the knowledge domain (complementary feeding section). The mean score for knowledge was 68.72 (SD = 12.54). 
Exploratory Factor Analysis
Attitude (Breastfeeding and Formula Feeding Section)
For the attitude domain, the data correlation matrix was factorable, and the assumptions needed to conduct EFA were met, as indicated by a Kaiser-Meyer Olkin (KMO) value of 0.77 and Bartlett's test of sphericity being significant (p < 0.05). This attitude domain was designed using the tri-partite theory [18] , which consists of the affective, behavioral, and cognitive components relating to breastfeeding. However, based on the eigenvalue, observation of the scree plot and the cumulative percentage of variance, only one factor solution was determined.
All the items in the attitude domain that had an acceptable factor loading range between 0.3 and 0.67 were retained. AAA23, AAA26, AAA28, AAB33, AAC13, and AAC17 had low factor loading and were removed. Table 5 details the value of the factor analysis.
This attitude factor with a reduced number of items had good reliability, as indicated by a Cronbach's alpha of 0.89, and had good content coverage in relation to the attitude concept. There were ultimately 34 items retained in the final model of attitude (breastfeeding and formula feeding section). The mean score for attitude (breastfeeding and formula feeding section) was 158.71 (SD = 14.32). 
Attitude (Complementary Feeding Section)
For this section, the data correlation matrix was factorable, and the assumptions needed to conduct EFA were met, as indicated by a KMO value of 0.78 and Bartlett's test of sphericity being significant (p < 0.05). This attitude domain was designed using the tri-partite theory of Lawrence [18] , which consists of affective, behavioral, and cognitive components relating to complementary feeding. However, based on the eigenvalue, observation of the scree plot and the cumulative percentage of variance, only one factor solution was determined.
All the items in the attitude domain that had an acceptable factor loading range between 0.3 and 0.71 were retained. ABA26, ABA29, ABB47, and ABC15 had low factor loading and were removed. ABB44, ABC19, and ABC21 had negative factor loading and were removed based on the experts' discussion. Table 6 details the value of the factor analysis.
This attitude factor with a reduced number of items had good reliability, as indicated by a Cronbach's alpha of 0.90, and had good content coverage in relation to the attitude concept. There were ultimately 43 items retained in the final model of attitude (complementary feeding section). The mean score for attitude (complementary feeding section) was 191.97 (SD = 15.77). 
Practice
Items in the practice domain were validated by content and described descriptively per each item by count and percentage, as in Table 7 . 
Final Validated IYCF-CCPQ
Discussion
The main aim of this study was to validate a new IYCF-CCPQ questionnaire on infant and young child feeding in Malaysia, specifically in Kelantan. Overall, the questionnaire was intended to assess the knowledge, attitudes, and practices among child care providers in registered child care centers. The majority of the respondents were Malays (98.5%) who were native speakers of the Malay language. This finding was consistent with the Kelantan population, as there the Malay ethnicity is the majority 96% of the state [32] . This met the purpose of this study to validate new tools that have been adapted culturally.
The dichotomous scale items in the knowledge domain used IRT, while the polytomous scale items of the attitude domain were validated using EFA. IRT was beneficial because it was able to discriminate between respondents with good and poor knowledge, determine the difficulty of the questionnaire and determine good and poor items for the questionnaire. EFA is essential to searching the latent constructs of the items and thereby allowing some theory to be formulated. Using EFA, the number of factors and quality of the items can be assessed. Common factors extracted and grouped from the list of the items and the relationships among them can be determined. After regrouping, the naming of the extracted factor is essential to reduce the variable complexity for greater simplicity [33] .
Generally, the knowledge domain showed good psychometric properties based on the difficulty and discriminatory parameters of the items. However, some items had to be removed from the knowledge domain of IYCF-CCPQ due to poor discrimination and a high difficulty parameter. Poor discrimination indicates that the items are unable to discriminate between high-scoring respondents and low-scoring respondents. A high difficulty index reflects the poor ability of the respondents to answer the item. Only relevant items were retained in order to differentiate between high-and low-knowledge respondents.
The validation study of the attitude domain revealed a good-fitting one-factor model of attitude (affective-behavioral-cognitive) instead of the proposed three-factor model based on the tri-partite theory consisting of affective, behavioral, and cognitive elements [18] . Using only one factor minimized items overlapping and obtained better factor loading. Furthermore, this will improve the final outcome of the questionnaire through its good validity and reliability. Based on the EFA results, the attitude domain had good construct validity and reliability.
The factor analytic approach was unsuitable for the practice domain due to the absence of interpretable correlations between the items. Thus, the scores for each item were utilized rather than the total scores for the domain. This concept was applied similarly to another study [34] . In this study, a descriptive explanation of the type of practice was required for each item. These items reflected what the expert panel considered important to infant and young child feeding practices in the community. Understanding practices that are lacking among the assessed child care providers is important to better plan effective intervention strategies. Thus, all items assessing the practice domain were maintained, as the content was important and relevant to the context.
The conventional way to interpret reliability using Cronbach's alpha is not meaningful in an IRT analysis of the knowledge items because of its dichotomous type of questions, as opposed to polytomous type in the attitude and practice domains [30] . The marginal reliability can be used to estimate the average reliability of the respondent's knowledge. The exact value of acceptable marginal reliability is not well documented, but we based our statistical analysis on studies by Dimitrov [30] that suggested that a value of 0.623 was acceptable. Another point to note is that marginal reliability will be influenced by the removal of some items [30] . In this study, the removal of a few items that had extreme results significantly improved the marginal reliability score of the knowledge items. The good reliability of the attitude domain indicated the consistency and homogeneity of the items in the domain [35] .
This study had several strengths. First, to the best of the researchers' knowledge, the IYCF-CCPQ questionnaire was tailored the cultural background of the respondents and provided better information specific to child care providers in Malaysia, especially among the Malay ethnic group. Thus, this validated new questionnaire will be useful, and the baseline result can be used in the future to implement an intervention program for child care providers that could potentially benefit a large proportion of the Malaysian population.
A limitation of this study is it was confined to the child care providers in registered child care centers in Kelantan, which represent only the north-eastern part of Peninsular Malaysia. Cross-validation studies are needed in other parts of Peninsular Malaysia, as well as western and eastern Malaysia, that involve other ethnicities and other child care centers in order to determine the validity and reliability of the IYCF-CCPQ for a wider population. Furthermore, future studies can be conducted to substantiate the theory generated by this EFA result through confirmatory factor analysis.
Conclusions
The IYCF-CCPQ has been shown to have good psychometric properties. It is a valid and reliable instrument to evaluate the knowledge, attitudes, and practices among child care providers regarding infant and young child feeding. The questionnaire consisted of 218 items (99 items on knowledge, 77 items on attitude, and 42 items on practice). The knowledge, attitude, and practice domains were psychometrically valid according to IRT and factor analytic and descriptive evidence.
Patents
The IYCF-CCPQ has been registered as intellectual property with MyIPO, and its copyright is held by Universiti Sains Malaysia (Application number: LY2018003000). 
